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Abstract
We studied the ability of human observers to detect abrupt changes in velocity of motion of a random dot pattern. The pattern
moved horizontally for 0.9 s at velocity V0, then changed to V1 either in speed, or in direction for a time T and returned to the
initial motion. The threshold duration for detection of the change was measured for initial speeds of 2, 4, 8 and 16 deg:s. The time
to detect a velocity reversal was equal to that for detection of an increase in speed by a factor of three. The time to detect an
abrupt cessation of motion was equal to the time for detection of an increase in speed by a factor of two. The time to detect a
direction change, the speed being constant, decreased gradually with increasing angle between V0 and V1 from 12 to 180° and with
increasing V0; the detection time was a function of V1V0 almost independent of the value of V0. This finding supports the
hypothesis of Dzhafarov et al. (Percept Psychophys 1993;54:373–750), that the visual system effectively reduces the detection of
velocity changes (from V0 to V1) to the presumably more simple detection of a motion onset, from 0 to V1V0. The
characteristics of the detection process in the cases of uni- and two-dimensional velocity changes are discussed. © 1998 Elsevier
Science Ltd. All rights reserved.
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1. Introduction
In a recent paper Dzhafarov et al. [1] suggested that
the time needed to detect a change in velocity of visual
motion, from V0 to V1, is a function of two things: the
absolute value of the difference V1V0, and the speed
V0 before the change. Based on their own data on
reaction time to velocity changes and on data of
Sekuler et al. [2], the authors suggested that having an
initial motion with a velocity V0, the velocity change
detection system is reinitialized by means of a ‘subtrac-
tive normalization’ process. As a result, any abrupt
change from V0 to V1 is detected as if it was an onset of
motion with a speed equal to V1V0. Hence detection
time is a function of V1V0. The initial speed V0 is
considered as a parameter; increasing V0 leads to an
increase in the detection time when V1V0 is con-
stant. In this way Dzafarov et al., could successfully
explain data of experiments on reaction time to both
changes in speed and reversals of the velocity of a
random dot pattern.
In our previous study [3] we used a random dot
pattern to present single motion ‘pulses’ with a speed
V1 superimposed to a base speed of V0, i.e. the speed
abruptly changed from V0 to V1 for a time T and then
returned to V0. The threshold duration Tc for detection
of the pulse was compared to the RT to a change from
V0 to V1. The thresholds paralleled the RTs when V0
and:or V1 were varied. Therefore, the threshold dura-
tion measured in this way seems to be a reliable esti-
mate of the time necessary to detect a speed change in
a reaction time task and can be used for testing the
hypothesis of Dzhafarov et al. [1]. If they are correct,
the detection of a change in speed V02V0V0
should need the same Tc as the change V00V0 (a
short cessation of the motion), since in both cases
V1V0, is equal to V0. For the same reason, the
detection of a change V03V0V0 should need the
same time Tc as the detection of a velocity reversal
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V0 (V0)V0; in both cases V1V0, is equal to
2V0. One purpose of the present study was to test these
predictions by measuring Tc when V0 is varied as a
parameter.
Another purpose of the present study was to test
whether V1V0, can also determine the time to detect
changes in direction of motion at angles that are differ-
ent from 180°. We considered changes of the kind
V0V1V0 where V1 V0constant and the angle
between V1 and V0 is a. In this case we have V1
V02V0 sin(a:2). In this text the symbol V and the
term 6elocity are used to label velocity vectors and the
symbol V is used for the absolute value of the vector,
i.e. for speed. For a60° we have V1V0V0; if the
absolute value of the vector difference would determine
the threshold duration, a change in direction at 60°
should need the same time to be detected as the time to
detect the changes in speed V02V0V0 and V0
0V0. To test further the role of V1V0 in the
detection process we also measured the duration
thresholds for various angles a and various speeds V0.
2. Methods
The subject sat in front of a white, 0.7 cd:m2 uni-
formly-illuminated screen and fixated binocularly a
point positioned straight ahead. The viewing distance
was 30 cm. A random dot pattern was presented within
an invisible circular aperture of 10 deg diameter, the
fixation point was placed 2 deg below the border of the
aperture. The dot pattern was projected by means of an
oscilloscope and a sieve with randomly distributed
holes, both of which were placed behind the screen. The
brightness of the electron beam was adjusted to maxi-
mum. In this way the sieve projected a large random
dot pattern onto the rear of the screen. The subject
could see only that part of the pattern that was within
the aperture. It consisted of 33 dots on average, each
dot was c. 0.4 cm in diameter and 2 cd:m2 in lumi-
nance. Thus the Michelson-contrast of the pattern was
0.48. When the electron beam moved, the pattern also
moved across the aperture. The voltage from two 16 bit
D:A converters was fed to the x- and y-inputs of the
oscilloscope, controlled by a PC AT 486. In the present
experiments the motion of the pattern over 1 cm on the
screen was sampled by 2000 steps; each new position of
the beam was calculated every 0.1 ms. More details
about this apparatus are given in the papers of Mateeff
et al. [3] and Mateef and Hohnsbein [4].
In each trial motion was presented in pairs of time
intervals. In the interval containing the stimulus the dot
pattern was set in horizontal motion at a speed V0 for
0.9 s. Then the velocity was abruptly changed to V1 for
a time T. The change could be either in speed only,
keeping the direction constant, or in direction only,
keeping the speed constant. Then the pattern abruptly
returned to the initial motion for 0.9 s. In the other
interval only motion with constant velocity V0 and the
same total duration was presented. The two intervals
were presented in random order; the subject was asked
to compare them and to report the one that contained
the stimulus. The measurement started with long dura-
tions T. Then T was decreased until the interval con-
taining the velocity change could be no longer
determined. In this case the subject was asked to report
‘no difference’. After the first report ‘no difference’ the
duration threshold was measured according to the con-
ventional simple staircase procedure [5], thus estimating
the point for 50% ‘no difference’ reports. Incorrect
reports rarely occurred; they were treated as ‘no differ-
ence’ reports. The first two reversals of the staircase
were discarded, then data from eight reversals were
collected. The step-size was differed in the different
conditions; the lowest duration thresholds of about 10
ms were measured by a step-size of 2 ms, a 20 ms
step-size was employed for the highest thresholds,
above 200 ms. This method is not ideal since it is not
entirely criterion-free. However, it is fast and in this
way we were able to obtain data for 10 or 12 conditions
within the same experimental session, thus reducing the
unfavorable potential effect of day-by-day variations of
sensitivity on the very important shape of the curves in
Figs. 2 and 3 below.
The same five subjects participated in both experi-
ments. Four of them were naive, two female and two
Fig. 1. Results from Experiment 1. The filled symbols correspond to
V1V0V0; the empty symbols to V1V02V0. The initial
speed is plotted on the abscissa, threshold duration on the ordinate.
Different symbols correspond to the five types of velocity change
employed in the experiment (see inset and text). The 95% confidence
intervals for the inter-individual means are 0.004–0.01 s for 2 deg:s
speed and 0.002–0.007 s for 16 deg:s speed.
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Fig. 2. Results from Experiment 2. Angle of the direction change is
plotted on the abscissa, threshold duration on the ordinate. The data
are obtained with four initial speeds of motion (see inset). The data
points that correspond to 60° are those obtained in the ‘60°’ condi-
tion of Experiment 1. The 95% confidence intervals are 0.085–0.006
ms for the 12° changes and 0.005–0.0015 s for the 180° changes.
lower than those obtained for both the ‘stop’ and ‘2V0’
changes.
4. Experiment 2
In Experiment 2 the stimuli consisted of direction
changes at the following angles a : 12, 23, 45, 90, 135
and 180°. The V0 speeds were 2, 4, 8 and 16 deg:s. The
six changes were combined in four blocks and the
measurements were carried out in the same way as in
Experiment 1. The results are presented in Fig. 2. They
were treated by a three-way ANOVA, the subject factor
was considered as random. Significant effects of the
factor angle of change (F206.6; df5.20; PB0.01)
and speed of motion (F83.2; df3.12; PB0.01)
were obtained. The interaction between them was also
significant (F50.1, df15.60; PB0.01).
5. Discussion
The predictions based on Dzhafarov et al.’s hypothe-
sis are confirmed when V1V02V0: within the
range of V0 between 2 and 16°:s the time necessary to
detect a velocity reversal is equal to the threshold
duration obtained with changes in speed by a factor of
three (Fig. 1). For the ‘stop’ and ‘2V0’ changes (V1
V0V0), the prediction is confirmed for speeds V0
higher than 2 deg:s. At 2 deg:s the threshold duration
for detection of a 2-fold change in speed was somewhat
higher than that for detection of cessation of motion.
We recently pointed out that the model of Dzhafarov et
al. [1] may encounter difficulties when the changes in
velocity are not sufficiently far above threshold [6].
The thresholds for detection of the 60° change were
significantly different from those for detection of the
‘stop’ and ‘2V0’ changes despite that V1V0 was the
same for these three stimuli. Hence the hypothesis of
Dzhafarov et al. seems to adequately predict only cases
in which the motion is along a straight line but not to
be able to incorporate the case of direction changes.
However, Fig. 3 shows that this conclusion may be
premature. In this figure the data from our Experiment
2, in which the direction of motion was varied over a
wide range, are plotted over the corresponding values
of V1V02V0 sin(a:2) in degrees per second. It is
seen that the threshold duration can be described as a
function of V1V0, the initial speed V0 being of no
essential importance.
The direction changes V0V1V0 lead to a vernier-
like break in the path of each of the moving dots: the
line of motion after the change is vertically displaced
relative to the line of motion before the change by an
amount of B. One may argue that the change is de-
tected when the break size reaches some critical value
male paid university students, aged 21–24 years; the
fifth subject was one of the authors (SM).
3. Experiment 1
In Experiment 1 five velocity changes were presented.
Three of them were changes in speed only: V00V0,
V02V0V0 and V03V0V0. The other two were
changes in direction only: a change from horizontal to
60° towards the horizontal and a velocity reversal. They
are labeled as ‘stop’, ‘2V0’, ‘3V0’, ‘60°’ and ‘180°’
changes. Four speeds V0 were employed for each
change: 2, 4, 8 and 16 deg:s. The measurements were
combined in four blocks corresponding to the four
speeds V0. Each session consisted of two blocks with
five conditions in each. The four blocks were random-
ized and repeated twice within four days with each
subject. Thus, each data point was obtained as the
mean of 16 staircase reversals.
The results are presented in Fig. 1. The comparisons
below are made by a three-way ANOVA, the subject
factor was taken as random. Detection times for ‘180°’
and ‘3V0’ changes did not differ significantly (F1.4;
df1.4; P\0.1). The same was the case for detection
times obtained with the changes ‘stop’ and ‘2V0’ (F
2.1; df1.4; P\0.1). For these changes, however, the
factors condition and speed interacted significantly
(F5.0, df3.12; P0.018). A post hoc analysis
showed that the interaction was due to the difference
between the detection times obtained at 2 deg:s. The
detection times for the ‘60°’ change were significantly
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Fig. 3. Threshold durations obtained in Experiment 2, plotted as a function of V1V0. Note that the abscissa is logarithmic. The data from
condition ‘60°’ in Experiment 1 are also added.
Bc, where BcV0Tc sina, but this possible explanation
of the detection process has to be rejected. If this was
the case, the time necessary to reach Bc for angles a that
approach 180° should rise to infinity. However, the
threshold duration decreases to a minimum when a is
approaching 90° (Fig. 2). Fig. 3 clearly shows that Tc is
a function of 2V0 sin(a:2) rather than of V0 sina, as the
‘critical-break’ hypothesis would predict.
The relationship in Fig. 3 could be explained by
generalizing the hypothesis of Dzhafarov et al. [1] for
the two-dimensional case. Having the task to detect as
quickly as possible a change in direction, the detection
system may monitor both vector components of V1: the
horizontal component V1h and the vertical component
V1v. The speed of V1h would then be ‘normalized’ to
V1V0 and the speed of V1v would remain the same,
V1v, since the initial vertical component is zero. Then,
a network as that described by Dzhafarov et al. [1]
would analyze a motion signal with a speed that is
equal to
[V1hV02 V1v2]1:2 V1V0
Thus, the time to detect a direction change becomes a
function of V1V0, the speed of a motion which is
not optically given to the eye.
Indeed, Fig. 3 shows that Tc is rather independent of
V0. The same should be expected when V1v0, i.e. the
change is only in speed. However, the data of Hohns-
bein and Mateeff [7], Dzhafarov et al. [1], and Mateeff
et al. [3] show that having the same V1V0, both
reaction and detection time are very strongly influenced
by the initial speed V0 when speed changes are em-
ployed. Moreover, in Experiment 1 the values of Tc for
a 60° direction change are not the same as those for the
‘stop’ and ‘2V ’ changes.
These difficulties, to incorporate the detection of uni-
and two-dimensional velocity changes within the same
model, may be due to the additional cues that the visual
system seems to use to detect changes in speed of
uni-directional motions. Speed changes of random dots
are accompanied by changes in the temporal frequency.
This cue may be potentially useful when the dot density
is high [4]. Motion smear also changes with speed; it
may be a powerful cue in the detection process, involv-
ing mechanisms that reduce the visible smear [8]. Both
these cues are absent in Experiment 2. On the other
hand, some involvement of orientation-sensitive mecha-
nisms cannot be excluded in the detection of direction
changes [9]. All these factors may lead to the observed
differences between the detection of direction and speed
changes.
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